Morphine administration elicits pronounced effects on the immune system, including decreases in natural killer (NK) cell activity and lymphocyte mitogenic responsiveness. These immune alterations can become conditioned to environmental stimuli that predict morphine as a result of Pavlovian conditioning processes. Prior work in our laboratory has shown that acute morphine exposure produces dopamine-dependent reductions of NK cell activity that are mediated peripherally by neuropeptide Y Y 1 receptors. The present study examined the involvement of dopamine D 1 and neuropeptide Y Y 1 receptors in the conditioned immunomodulatory effects of morphine. Rats received two conditioning sessions during which an injection of morphine was paired with a distinctive environment which served as the conditioned stimulus (CS). The results show that systemic administration of the D 1 antagonist SCH-23390 prior to CS re-exposure prevented the conditioned suppression of splenic NK activity but did not alter conditioned decreases in mitogen-induced lymphocyte proliferation. Furthermore, bilateral microinjections of SCH-23390 directly into the nucleus accumbens shell fully blocked conditioned changes in NK activity. In a subsequent manipulation, subcutaneous injection of the Y 1 receptor antagonist BIBP3226 prior to CS re-exposure was also shown to prevent conditioned effects on NK activity. Collectively, these findings provide evidence that the nucleus accumbens shell plays an important role in conditioned immunomodulation and further suggest that the conditioned and unconditioned immunomodulatory effects of opioids involve similar receptor mechanisms. Published by Elsevier Inc.
Introduction
Pavlovian (or classical) conditioning of immune responses is one of the most intriguing examples of neural regulation of the immune system. The basic conditioning paradigm involves the temporal pairing of a neutral conditioned stimulus (CS), such as a novel taste, odor, or context, with a stimulus that actively evokes an immunomodulatory response, termed the unconditioned stimulus (UCS). Following the CS-UCS pairing, re-exposure to the CS alone alters immune functioning in a manner which mimics the normal or unconditioned effect of the UCS. Ader and Cohen (1975) provided one of the earliest demonstrations of conditioned immunomodulation by showing that a gustatory stimulus which has been paired with the immunosuppressive drug cyclophosphamide can acquire immunosuppressive properties in mice. Subsequent investigations have demonstrated that many immune functions are susceptible to Pavlovian conditioning, including both innate and adaptive responses (for reviews see Ader and Cohen, 2001; Kusnecov et al., 1989) . Furthermore, conditioned immune alterations have been shown to modify disease progression in numerous models of clinical diseases, indicating that conditioned effects on the immune system are biologically significant (Ader and Cohen, 1982; Exton et al., 1998; Klosterhalfen and Klosterhalfen, 1983; Lysle et al., 1992b) .
Although Pavlovian conditioning of immune responses is now well established, the neural mechanisms underlying 
